Introduction
Birth weight is an important indicator of a population's health and is associated with numerous interrelating factors 1 in the infant, mother, and physical environment 2 .
Low birth weight and prematurity are the principal determinants of perinatal mortality, and low birth weight infants are more vulnerable to the impact of environmental and social conditions 1 .
Worldwide, more than 20 million low birth weight infants are born every year, the equivalent of 17% of all births in developing countries, more than double the rate in industrialized countries (7%) 3 .
The main causes of low birth weight include infection, maternal malnutrition, and smoking 4 as well as prematurity, multiple pregnancy, high parity, and complications of pregnancy such as preeclampsia. Evidence also shows that other less known environmental factors can affect fetal growth 1 .
Studies on risk factors for low birth weight have been limited to assessing the influence of individual-level factors (of the mothers and newborns), overlooking contextual variables (mothers' neighborhood).
The fact that mothers from the same neighborhood share the same environment and are thus more similar to each other than to mothers ARTIGO ARTICLE from elsewhere may also lead to greater similarity in the outcome variable. When this happens, it violates the assumption of independence, and a correlation exists between mothers and infants (level 1) from the same neighborhood (level 2). This problem is even more important when considering explanatory variables from higher hierarchical levels, such that all the units in a neighborhood are exposed identically to the factor 5 .
Contextual or multilevel statistical analysis seeks to combine the analysis of individuals' characteristics with those of the social groups to which they belong. Contextual variables can have independent effects from individual characteristics or modify the way such characteristics affect the health situation 6 .
The point of departure for traditional regression models is that live born infants are independent from each other in terms of birth weight outcome, and all the variables are treated as belonging to the same hierarchical level. To ignore their role in the contextual level can lead to an incomplete understanding of the determinants of low birth weight found in live born infants and in their populations. Contextual variables affect live born infants directly or indirectly through maternal choices and/or conditions. Many individually measured variables are heavily conditioned by social processes. When the data are structured in hierarchies, units in the same group are rarely independent, because they share the same environment and present similar characteristics 5 .
The current study aimed to identify risk factors for low birth weight in live born infants from singleton pregnancies in Rio Grande do Sul State, Brazil, in the year 2003, using two methods, classical logistic regression and multilevel logistic regression, and to compare the results from the two methods.
Methods
This ecological study included all the micro-regions in Rio Grande do Sul State, where data on the 149,165 live born infants came from the live birth certificates recorded in the State Information System on Live Births (SINASC) for the year 2003, obtained from the Information Technology Department of the Brazilian Unified National Health System (DATASUS; http://www.datasus. gov.br).
The analysis included live born infants whose mothers resided in the state at the time the live birth certificate was recorded and excluded multiple or unknown-numbered pregnancies (2,917 live born infants), those lacking information on birth weight on the birth certificate (200 live births), and those with recording errors (178 live births).
Identification of recording errors used classification of live births based on weight and gestational age, adapted by Souza 7 . The adaptation was necessary because the data on gestational age used in the classification were in weeks (24 th to 42 nd week), and in the SINASC database this information is grouped in weeks (< 22, 22-27, 28-31, 32-36, 37-41, and ≥ 42). According to this classification of errors, weights less than 500g or gestational age less than 22 weeks is either incorrect information or pertains to a stillbirth. According to Margotto 8 , newborns weighing less than 500g or with gestational age fewer than 22 weeks are not biologically viable and should not be included in the SINASC database 7 .
The study included records of 145,870 live born singleton infants, after the exclusion of 162 records of live births with gestational age less than 22 weeks; weight less than 500g; gestational age from 22 to 27 weeks and weight greater than 1,500g; gestational age from 28 to 31 weeks and weight greater than 2,500g; gestational age greater than 37 weeks and weight less than 1,500g; and 16 cases with inconsistent data on maternal age and number of children.
Low birth weight was the outcome variable, obtained from dichotomization of birth weight as low (< 2,500g) versus non-low weight (≥ 2,500g).
The following maternal variables were analyzed: age in years (less than 20, or adolescents, 20 to 34, and 35 or older); parity (none, 1 or 2, 3 or more children, live births or stillbirths in previous pregnancies); maternal schooling in years (0 to 3, 4 to 11, and 12 or more complete years of schooling); marital status (married, unmarried); occupation (housewife or other, i.e. working away from home), number of prenatal visits (none, 1 to 6, more than 6); type of delivery (vaginal, cesarean); place of delivery (hospital, other), and gestational age (preterm or < 37 weeks versus full-term or ≥ 37 weeks).
The variables pertaining to the newborn were: sex (male, female); skin color (white, other); congenital malformation and/or chromosome anomaly (no, yes).
The contextual variables were obtained from DATASUS, Foundation for Economics and Statistics (FEEdados; http://www.fee.rs.gov.br/feeda dos), and Institute of Applied Economic Research (IPEA; http://www.ipeadata.gov.br).
The indicators used as covariates for the micro-regions, tested in the multilevel models, were: urbanization rate (population living in the urban area as a proportion of the total population); illiteracy rate (percentage of the population 15 years or older and unable to read or write a simple note); average years of schooling (ratio between total completed years of study among individuals 25 years or older and number of persons in this age bracket); per capita GDP (market-price gross domestic product divided by the population); poverty rate (percentage of the population with per capita family income less than one half the minimum wage); household density (percentage of persons in households with density greater than 2, expressed as the ratio between the total number of household residents and the total number of rooms, excluding bathroom(s) and one more room, namely the kitchen); homicide rate (ratio between the number of homicides and the population, per 10,000 inhabitants); hospitalization rate due to assault (ratio between the number of hospitalizations due to assault and the population, per 100,000 inhabitants); workforce participation rate (percentage of the population in the workforce among the working-age population); infant mortality rate (number of deaths in children under one year of age divided by the number of live births in a given geographic space and given year, per 1,000 live births); Family Health Strategy coverage rate (percentage of persons in the population enrolled under the FHS); water supply (percentage of households with running water from the public supply); sanitation (percentage of households with installations connected to the public sewage system); cesarean rate (cesareans as a percentage of all deliveries); rate of 7 or more prenatal visits (percentage of live born infants among mothers with 7 or more visits); supplementary health coverage (percentage of individuals covered by private healthcare or health plans, by place of residence); physician coverage (physicians per 1,000 inhabitants, including medical residents); mean expenditure on primary care (amounts transferred for primary care per inhabitant).
The data were analyzed using both the total number of live born infants and those classified as full-term (defined here as full-term plus postterm). In the group of full-term live born infants, according to Ferraz & Kallan (1990, apud Costa & Gotlieb 9 ), those with low birth weight were defined as small-for-gestational-age live born infants, which consists of a simplified definition of small-for-gestational-age. The analyses used classical logistic regression and multilevel logistic regression.
The association between the maternal and infant-related variables and the outcome (low birth weight) was initially analyzed with the classical methods, which ignore the data's hierarchical structure in the modeling.
Simple logistic regression was used to estimate the odds ratios (OR) and respective 95% confidence intervals. Selection of the candidate variables for inclusion in the multivariate model was based on p-value < 0.25 10 .
Multivariate logistic regression of live births used two analytical strategies: the first, unconditional, simultaneously included in the model all the independent variables that were significant in the simple logistic regression, with the enter method and significance set at 5%; and the second, conditional, which followed a hierarchy for entering the variables into the multivariate model. The latter considered three blocks: distal (schooling, marital status, occupation, and skin color); intermediate (age and parity); and proximal (number of prenatal visits, type of delivery, birth place, gestational age, sex, and congenital anomaly). The conditional backward selection method was used, considering as potential confounding factors the variables selected according to 10% significance within each block. The subsequent analyses kept in the model those that remained associated with low birth weight, after adjusting for the confounding variables from the same block and hierarchically superior blocks 11 .
Full-term live born infants were analyzed with simple logistic regression and unconditional multivariate regression (enter method), given that the results of the two strategies for live born infants, explained previously, did not differ.
For the multilevel analyses, generalized hierarchical linear models were adjusted with two hierarchical levels to identify predictors of low birth weight, considering the variation among live births (level 1) and micro-regions (level 2). The modeling was performed for all live births and for full-term live births. This model's response variable y ij is binary and is 1 if the i th live born infant in the j th microregion presents low birth weight or 0 otherwise, where:
The connection between the predictor variables (X) and the response variable is guaranteed by the logit function, which is a linear function of X or a transform of π. So, modeling:
is the random effect at the micro-region level. The coefficients are:
where α and β are the intercepts and slope for the X variable at the micro-region level for the outcome; β is the log of the odds ratio and exp(β) is the OR.
The error term e ij (level 1) has a mean of 0 and variance σ 2 e . Variance σ 2 e is usually known as a parameter of overdispersion and its estimate is 1 12 . Thus, part of the model's variability is binomial (level 1) and part is normal (level 2) 5, 13 .
Due to convergence problems with the model, the IGLS algorithm and first order MQL procedure were used to obtain initial estimates, followed by the RIGLS algorithm and second order PQL procedure, as suggested in the literature 5, 14 .
The modeling first evaluated the null model, without covariates, with the aim of assessing the correlation among micro-regions (ρ) or variance partition coefficient (VPC), which expresses the proportion of total variance due to the contextual level. In the multilevel logistic regression, ρ can be estimated by different procedures. This study used the latent variable method, which converts the individual level variance from the probability scale to the logistic scale:
where σ 2 u0 is the variance between the microregions and π 2 /3 is the variance between live births, that is, the variance of a standard logistic distribution 13 . The contextual indicators were considered continuously, centered on the mean 12 , and categorized by tertiles and quartiles, in order to establish statistical significance.
The contextual variables were tested individually in the null model and later included one by one in the multilevel model containing all the significant variables at level 1 of the classical simple logistic regression for evaluation of significance in the complete model 5 .
The statistical significance of the coefficients from the fixed and random parts of the multilevel model was evaluated using the Wald test with 5% significance.
Interaction terms were tested as a function of the significance of the micro-region variable, with significance set at 10%.
One of the criteria for choosing the best model was the reduction in the variance at the contextual level (σ 2 u0 ). The proportion of level 2 variance explained by the variables included in the model was calculated by: (6) where V 0 is the initial model's level 2 variance and V 1 is the final model's level 2 variance.
The correlation between micro-regions (ρ) was calculated for all the adjusted models.
Adjustment of the models was evaluated by the Deviance Information Criterion (DIC), which is a generalization of the Akaike Information Criterion (AIC) and is calculated from a Bayesian estimation using Markov Chain Monte Carlo (MCMC) 13 . The lower the DIC value, the better the model.
An analysis of ordered residuals was performed at the micro-region level, which allowed identifying the risk estimates for low birth weight in micro-regions which differed significantly from the overall mean 15, 16 .
The classical and multilevel statistical analyses were performed with SPSS 13.0 (SPSS Inc., Chicago, USA) and MLwiN 2.02 (Centre for Multilevel Modelling, Bristol, UK) respectively.
The study was approved by the Institutional Review Board of the School of Medicine, Federal University in Rio Grande do Sul, having complied with all the provisions of Ruling 196/96 of the Brazilian National Health Council.
Results
Mean birth weight was 3,168.75g, ranging from 550g to 5,990g. Prevalence of low birth weight was 8.4%. Table 1 shows the distribution of birth weight by 500g brackets according to gestational age, as recorded in the live birth certificate. The largest proportion of live births (41.4%) was in the 3,000g to 3,499g range. Of the full-term live born infants, 4.2% were low weight. Table 2 shows the distribution of predictors of low birth weight in live born infants and the results of simple and unconditional multivariate logistic regression.
According to simple logistic regression, all tested variables were associated with low birth weight (p < 0.001). The odds of low birth weight in live born infants of mothers with no prenatal care were 3.79 times the odds of low birth weight in live born infants of mothers with 7 or more visits. The odds of low birth weight in live born infants with congenital anomalies were 3.17 higher than in those without anomalies. The following risk factors were identified: adolescent and older mothers, parity of three or more children and nulliparous women, low schooling, single marital status, mothers that did not work outside the home, cesarean delivery, delivery outside the hospital, prematurity, female gender, and non-white skin color. The strongest association was between low birth weight and prematurity (OR = 35.93). In multivariate logistic regression, skin color was not significantly associated with low birth weight (p = 0.143) when the model was adjusted for live born infants, and was removed from the final model. Low birth weight was heavily determined by prematurity. Table 3 shows crude and adjusted OR for fullterm live born infants. In the simple logistic regression, all the variables showed significant association with simplified small-for-gestational-age (p < 0.001). The odds of being small-for-gestationalage in full-term live born infants with congenital anomalies were 2.75 higher than in full-term live born infants without anomalies. The odds of being small-for-gestational-age in live born infants of mothers with no prenatal were 2.63 higher than for infants of mothers with 7 or more visits. The odds of being small-for-gestational-age among live born infants of mothers with 0 to 3 years of schooling were 1.8 higher than for mothers with 12 or more years of schooling. According to multivariate logistic regression, type of delivery was not significantly associated (p = 0.242) and was excluded from the model. Congenital anomaly was the variable that best explained small-forgestational-age, followed by number of prenatal visits and place of birth. In this case, when premature newborns were removed from the model, adolescent mothers, 4 to 11 years of maternal schooling, and skin color showed significant risk and remained in the model. Table 4 shows the adjusted random-intercept multilevel models for all live births (models 1 and 2) and for full-term live births (model 3) .
No evidence of extra-binomial dispersion was found in the three models, i.e., variation at the individual level in the hierarchical structure of the models without covariates did not show significant evidence that the data failed to present a binomial distribution.
In the multilevel modeling of all live births and full-term live births, the separately tested contextual variables urbanization rate, water supply, and sanitation were significant with the significant individual-level variables. Since these three variables were correlated (p < 0.05), we chose to maintain urbanization rate in the model, since it showed the greatest statistical significance for the coefficient and greatest reduction in level 2 variance, besides being an indicator with the broadest meaning for representing the micro-region. The urbanization rate was categorized as follows: the lowest tertile (68.33% urbanization or less) to measure risk for low birth weight and above this tertile as the reference bracket. The urbanization rate showed a protective effect, i.e., lower urbanization of the micro-region protected live born infants from low birth weight. (5); place of delivery (1); gestational age (383); sex (6); and anomalies (623).
p < 0.001 for independent variables, except * (not signifi cant at 0.05). Table 3 Results of simple and multivariate logistic regression using low birth weight in full-term live born infants as the outcome * (n = 134,635 No random effect was found in the urbanization rate variable as verified by the random coefficient test. The model is thus one of variance component, since only the intercept was random.
To assess the effect of possible interactions between the individual and contextual variables in the final model, the variables age, schooling, number of prenatal visits, and parity were dichotomized to facilitate interpretation.
The interaction between urbanization and marital status showed a significant risk in models 2 and 3, indicating that unmarried mothers living in less urbanized micro-regions showed higher risk of low birth weight.
For model 1, inclusion of the urbanization rate reduced the variance in the contextual level by 18%, and in model 2, which included the interaction between urbanization and marital status, variance reduced by 20%. Thus, for model 2, the estimated intra-micro-regions correlation coefficient (ρ) was 1.5%, showing the degree to which variation in low birth weight was due to variation between micro-regions, indicating that most variation in low birth weight (98.5%) occurred at the individual level. Model 2 (with interaction) was the better of the two models for live births, since it showed the lowest DIC.
For model 3 of full-term live born infants, inclusion of the urbanization rate reduced the variance in the contextual level by 19%; with the inclusion of the interaction between urbanization and marital status, contextual level variance was maintained. For this model, the intra-micro-regions correlation coefficient (ρ) was 0.6% less than in the models for all live births. In this model, adolescent mothers did not show a risk of small-for-gestational-age infants, contrary to the classical model (Table 3) .
The residuals analysis for model 2 identified three micro-regions with increased risk of low birth weight (above the overall mean), Carazinho, Passo Fundo, and Serras do Sudeste, and five micro-regions with lower risk than the overall mean, Restinga Seca, Santiago, Campanha Central, Santa Maria, and Porto Alegre. The other micro-regions showed residuals with no significant difference from the overall mean.
In model 3, the Caxias do Sul and Carazinho micro-regions showed an increased risk of smallfor-gestational-age infants as compared to the mean. Meanwhile, Porto Alegre and Santa Maria showed lower risk of small-for-gestational-age in full-term live born infants.
Discussion
Although the data showed a significant hierarchical structure, a small difference was observed in the estimated coefficient between the classical and multilevel models, since variation in low birth weight occurred more between the live born infants and less between the micro-regions. Even with the small difference, consideration of the hierarchy in the data's structure showed that the micro-region's urbanization rate significantly affected the risk of low birth weight, so the multilevel model was superior to the classical one 12 .
To ignore this structure would mean overlooking the effect of the micro-region's urbanization on the risk of low birth weight in live born infants 12 .
Incidence of low birth weight was 8.4%, lower than the rate for Rio Grande do Sul (9.52%) in 2003, obtained from the SINASC data base, since the latter includes multiple pregnancies and does not limit weight or gestational age.
The SINASC data were evaluated as satisfactory, since the percentage of unknown or missing information was no greater than 9.9% 17 .
This study found the following risk factors associated with low birth weight using the classical multiple logistic regression model: prematurity, zero or 1 to 6 prenatal visits, congenital anomaly, non-hospital delivery, high and low parity, female gender, maternal age greater than 35 years, housewife, unmarried, low schooling (0 to 3 years) and cesarean delivery, while skin color was not statistically significant. A study on low birth weight in Goiânia, capital of the State of Goiás, Brazil, by Giglio et al. 18 showed similar findings. Minamisawa et al. 19 , in a study with data from the State of Goiás, showed similar results, except for cesarean delivery, which showed a protective effect against low birth weight, and whose prevalence (44.5%) was similar to our study.
In the classical regression model for full-term live born infants, the risk factors for low birth weight (simplified small-for-gestational-age) were somewhat higher than for live births as a whole, and adolescent mothers, 4 to 11 years of maternal schooling, and non-white skin color showed a significant effect in the model, which did not occur with live births as a whole. These brackets are indicative of lower socioeconomic status, which is known to be associated with intrauterine growth restriction. The model indicated that cesarean delivery was not a risk for simplified small-for-gestational-age, suggesting that cesareans were associated with prematurity. The fact that cesarean delivery was a risk factor for low birth weight in the group of all live births but not full-term live births indicated that cesar-Cad. Saúde Pública, Rio de Janeiro, 28 (12):2293-2305, dez, 2012 eans were mostly being performed in premature live born infants, although there is no consensus in the literature as to whether it is the best form of delivery in these cases 20 .
Small-for-gestational-age is used as an indicator of intrauterine growth restriction, but this simplified classification can underestimate the true number of live born infants with intrauterine growth restriction 9 .
For all live births, four to 11 years of maternal schooling was a risk factor for low birth weight in the multilevel model, but not in the classical model. Lower urbanization was a protective factor, and interaction between lower urbanization and single marital status was a risk factor for low birth weight, which was also observed for fullterm live births.
The multilevel model showed greater risk of low birth weight for infants of mothers living in more urbanized micro-regions. The association was not adjusted for smoking, alcohol, or illicit drug use during pregnancy, which may explain the finding. Inclusion of interaction improved the model's quality and indicated that in less urbanized micro-regions, risk of low birth weight increased for unmarried mothers.
Finding a significant association between the micro-region's urbanization and low birth weight reaffirms the existence of the "low birth weight epidemiological paradox", the term used for the fact that Mexican-American mothers with lower socioeconomic status show similar or lower low birth weight rates compared to white mothers in the United States. Brazilian data show a similar paradox: low birth weight rates are higher in the more developed regions of the country 21 . Less urbanized areas may protect live born infants from low birth weight due to less use of ultrasound tests, which can lead to errors in estimating gestational age, fewer cesarean deliveries based on clinical indications, better maternal nutrition, less maternal stress, possibly less smoking, alcohol, and illicit drug use during pregnancy, and more frequent occurrence of live births evaluated as stillbirths, which were not included in this study.
One multilevel study including urbanization was a longitudinal ecological study in the United States. According to the authors, urbanization was a protective factor against low birth weight, unlike the current study, in which greater urbanization showed increased risk of low birth weight 22 . These divergent findings may be explained by the "epidemiological paradox". The Caxias do Sul micro-region, one of the most developed in the State of Rio Grande do Sul, showed the highest risk of small-for-gestational-age.
The literature includes several multilevel studies on low birth weight, such as Jarvelin et al. 1 in Finland, showing that part of the residual variation was explained by the neighborhood's financial capacity, used as a contextual variable. Gestational age, sex, parity, maternal age, and other factors were strongly associated with birth weight, while education, social class, and marital status were not. A study by Gorman 23 in the United States showed that variation in low birth weight according to skin color was associated with maternal characteristics and place of residence.
O'Campo et al. 24 showed that the association between individual risk factors and low birth weight was moderated by neighborhood characteristics in Baltimore, Maryland. The impact of advanced maternal age on low birth weight was more pronounced under conditions of high unemployment in the neighborhood. All the individual-level risk factors showed interactions with variables at the macro level, i.e., they behaved differently according to the neighborhood's characteristics. In the multilevel model for Rio Grande do Sul State, the risk of advanced maternal age did not change, but maternal schooling did.
The skin color of live born infants as a whole was not associated with low birth weight, while for full-term live born infants it was a risk factor for small-for-gestational-age, with intrauterine growth restriction associated with non-white maternal skin color. Rich-Edwards et al. 25 , in Chicago, reported that mothers at extreme ages had an increased risk of low birth weight, which was more pronounced for black women, and the difference was explained by the economic deprivation of these mothers in the United States. Another study in Chicago by Buka et al. 26 showed similar findings for African-American mothers; white mothers showed a significant positive association between social support and birth weight, while for black mothers this support was not significant.
Another study on live born infants in Chicago by Morenoff 27 showed that mechanisms related to stress and coping, i.e., the occurrence of violent crimes, mutual exchanges (neighborhood associations in general), and participation in volunteer associations in the neighborhood were the most robust predictors of birth weight at the regional level. In the current study in Rio Grande do Sul State, homicide rate, hospitalization rate due to assault, used as proxies for level of violence, were not a risk factor for low birth weight. These indicators may not be the best for measuring violence, which could require more specific variables.
According to Thompson et al. 28 , low birth weight rates vary between regions of the United States, and although individual and contextual characteristics have an important impact on low birth weight, a significant part of the risk of low birth weight remains unexplained and is associated with maternal place of residence and perinatal and intra-partum care at the contextual level. The conclusion corroborates our findings.
The studies listed above support the hypothesis that factors associated with the mother's neighborhood are significantly associated with birth weight.
A multilevel study on low birth weight in Argentina by Hachuel et al. 29 showed the following risk factors at the individual level: maternal age > 40 years, primiparity, ≥ 5 more prenatal visits, and spontaneous delivery (without forceps or other intervention). The fact that the estimated variance for mother's place of residence was not significant indicated the lack of variability that would have allowed evaluation of the multilevel model, so the model was limited to the individual level, unlike the current study's findings.
The current study's limitations included: (1) use of secondary data, impeding calculation of gestational age in weeks and data on smoking, alcohol, and illicit drug use during pregnancy; (2) size of groups at the contextual level (microregions), since very large groups involve wide internal variability, hindering the attribution of characteristics at this level 30 ; and (3) choice of micro-regions, which was based on the number of groups and availability of context indicators.
Based on this study's limitations, we recommend the inclusion of the specific gestational age on the live birth certificate rather than in brackets of weeks, as well as information on smoking, alcohol and illicit drug use, thus allowing a better understanding of the individual factors leading to low birth weight.
In the classical regression model, the intercept and slope coefficient are fixed parameters, i.e., they do not change, while in the multilevel model they are considered random parameters, i.e., able to vary in the units of the highest hierarchical level 31 . Thus, the multilevel analyses take into account the impact of contextual variables on individual health outcomes, resulting in an important health policy-making tool 32 .
Low birth weight can be caused by various perinatal problems, most frequently by low gestational age. These findings may not apply to more specific causes of low birth weight, but the identification of differences in low birth weight between micro-regions of the state provides new direction for future research attempting to better explain such differences.
This study confirmed risk factors found in the literature and was the first multilevel modeling study on low birth weight using data from the State of Rio Grande do Sul. 
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